Cross-sectional area compliance (CC) and distensibility (DC) in the ascending and descending aorta and the average pulse wave velocity (PWV) along the descending section of the thoracic aorta were studied in a group of young versus old normotensive subjects using magnetic resonance imaging (MRI). CC and DC correlated stronger with age in the ascending aorta than the descending aorta. Aging-related alteration of the functional properties of the aortic wall, have a different pattern in the ascending versus the descending aorta.
The aorta functions not only as a conduit delivering blood to the tissues but also as an important modulator of the entire cardiovascular system, buffering the intermittent pulsatile output from the heart to provide steady flow to capillary beds. 1, 2 Proper evaluation must recognize that the aorta differs both structurally and functionally along its substantial length. MRI of the aorta is a versatile technique to directly and noninvasively measure arterial mechanical properties. 3, 4 We studied the CC and DC at the ascending and descending aorta in 10 young (mean age 2572 years, systolic/diastolic blood pressure, 116710/ 71713 mm Hg, heart rate (HR) 5976 beats/min, body mass index (BMI) 2472 kg/m 2 ) versus 10 (mean age 5676 years, systolic/diastolic blood pressure, 126714/8175 mm Hg, HR 6979 beats/ min, BMI 2775 kg/m 2 ) old normotensive subjects using MRI. The interrelationship between the crosssectional elastic parameters and PWV was also studied.
Arterial dimensions were measured in both the ascending and descending aorta on a Siemens Sonata 1.5 T scanner (Siemens Medical Solutions, Malvern, PA, USA) with a cine sequence with steady-state free precession ('true FISP'), and using a phased-array torso coil. Noninvasive blood pressure measurements were performed at the beginning and at the end of the cine acquisitions with an MR compatible monitoring system (Invivo, Orlando, FL, USA) with remotely controlled inflation of an armcuff while the volunteer lies in the MRI scanner. The cine loops of MRI images were loaded into the ImageJ program (http://rsb.info.nih.gov/ij/) for manual tracing of the aortic boundary contours in all acquired cardiac phases. CC was determined as the change in area divided by the change in peripheral arm pressure (CC ¼ (end systolic area À end diastolic area)/pulse pressure) and expressed in units of mm 2 /mm Hg. DC was determined as the CC divided by end diastolic area (DC ¼ CC/end diastolic area) and expressed in units of 10 À3 /mm Hg.
PWV was measured in the descending thoracic aorta with a phase-contrast cine sequence for quantification of in-plane velocity. PWV was quantified in a section from the descending aortic arch to the abdominal aorta. For the PWV analysis, a programme was written in Matlab (Mathworks Inc., Natick, MA, USA). The Moens-Korteweg equation (PWV 2 ¼ area/(CCr)) was used to predict the PWV from the cross-sectional area and the aortic compliance in the descending aorta at approximately the mid-point of the centre line used for estimation of the PWV. Statistical analysis was performed using R (R Foundation for Statistical Computing, Vienna, Austria. ISBN 3-900051-07-0, URL http://www. R-project.org).
The results for CC and DC estimated from crosssectional images of the ascending and descending aorta, are summarized by age group (younger versus older) in Table 1 . Elastic parameter values for the two aortic locations were compared by paired t-tests. . CC in the descending aorta, adjusted by MAP and HR, did not differ significantly between age groups, and the differences of CC between ascending and descending aorta were smaller and nonsignificant (P ¼ 0.41) in the older age group. The DC trended higher in the ascending compared to the descending aorta of younger subjects (P ¼ 0.07), but the difference reversed sign in the older group and became significant (P ¼ 0.03), most likely due to the aortic root dilation with age. Overall, age-related remodelling, and changes in elastic properties were more pronounced in the ascending aorta than in the descending aorta. This was tested with a linear mixed effects regression model to predict DC from age group and aortic location, and with a linear term for any interaction between age and location, and adjustment of DC by MAP, BMI and HR. The difference of DC between aortic locations was significantly attenuated in the older group (P ¼ 0.005 for interaction of age group and location). Similarly, the CC showed less of an age-related decrease in the descending aorta, compared to the ascending aorta (P ¼ 0.002 for interaction between age group and location in linear mixed effects model), resulting in a smaller difference of CC between aortic locations in older, compared to younger subjects.
PWV was significantly higher in the older group (P ¼ 0.004). PWV remained significantly associated with age when the PWV was simultaneously adjusted for differences in HR and MAP. The PWV predicted by the Moens-Korteweg relationship from the aortic CC and aortic cross-sectional area showed a highly significant correlation with the measured PWV (r ¼ 0.70; Po0.001). The Moens-Kortewegbased prediction of PWV tended to result in an overestimate relative to the measured PWV in younger subjects, and an underestimate in the older subjects. The difference between predicted and measured PWV grew in older subjects as a function of the PWV. The difference between predicted and measured PWV was significantly correlated with age (r ¼ À0.53; P ¼ 0.02), and also with HR (r ¼ À0.51; P ¼ 0.03).
Age-related changes of elastic parameters were significantly more pronounced in the ascending aorta, compared to the descending aorta, and this underlines the considerable heterogeneity in remodelling between ascending and descending aorta, that is already apparent by assessment of agedependent aortic dilation. Furthermore, the results from this study indicate that age-related changes in pulse pressure amplification and pulse wave reflections, or augmentation index could result in an agedependent change in the interrelation between measured CC and PWV. In the ascending section of the aorta, CC and DC decrease more markedly with age than in the descending thoracic aorta, independently of differences in MAP and BMI. With normal aging, stiffness of the central arteries increases, whereas stiffness of peripheral arteries remains unchanged or decreases. 5, 6 Because of the heterogeneous nature of aortic remodelling with aging, CC decreases more markedly in the ascending aorta compared to the descending aorta. An increase of cross-sectional area with aging leads to a lower DC in the ascending than in the descending aorta, the reverse of what is seen in young adults. In contrast, the lower compliance in the ascending aorta of the older compared to the younger group is mainly due to the increased stiffness of the vessel even though the ascending aorta is larger in the older group. 7 The larger end diastolic area of the aorta at both sites in the older group was likely a combination of dilation and remodelling due to aging, a larger overall body size and an MAP. 8 A possible source of error in our measurement of CC and DC may be the lack of an accurate in situ assessment of aortic pulse pressure. It has previously been shown that pressure amplification occurs as the waveform travels toward the periphery. 9 In younger subjects, the brachial artery measurement of pulse pressure would overestimate central pulse pressure. This would lead to an underestimation of the CC, and the PWV predicted by the Moens-Korteweg equation should be larger than the measured PWV. In older subjects, the discrepancy between peripheral and central pulse pressures is relatively smaller, but the prediction of PWV from the Moens-Korteweg equation may be less reliable because of the relatively small values of CC. Among the older subjects, those with the largest difference of predicted PWV minus measured PWV also had the lowest CC values. Our comparison of regional measurements of PWV, and the PWV predicted from the measured compliance by use of the Moens-Korteweg relationship support the hypothesis of relative underestimates, and overestimates of compliance in the younger and older groups, respectively.
In conclusion, MRI is an attractive tomographic imaging modality, not restricted by limited windows, for assessing regional structural changes of the ascending and descending aorta associated with aging, and for quantifying local mechanical properties. Central pulse pressure can currently not be estimated reliably with MRI, but significant differences of the elastic parameters between aortic Research Letter
